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Abstract
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Even a cursory reading of the analytical literature reveals a general lack 
of analysis of music for performers and electronics. This thesis examines the 
reasons for this and presents a method that helps alleviate the problem. It is 
thus in two parts, a critique and a method.
In the first part of this thesis, I argue that these problems stem from 
fundamental weaknesses in the premises of score-centred analyses and 
weaknesses related to individual methods. Both these contributing factors are 
proved through general musical examples and also through philosophical 
criticism of the former.
The method presented in the second part of the thesis claims that 
valuable insights into the structure of music for performers and electronics 
may be gained through examining the nature of performance itself. The 
argument states that its unique nature within this medium manifests itself 
on many levels, and that ultimately, the work is simply a process that is 
elaborated through the performance.
Developing a means of describing works in terms of such processes is 
an important part of the method. It enables works that have no score to be 
analysed more rigorously and greater depths of meaning to be read from 
works that do have a score. The analytical aid developed draws heavily on 
two concepts from the computer sciences, net theory and temporal reasoning.
After presenting the theory and representational techniques comprising 
the method, it is used in the analysis of a number of works including Air by 
David Worrall, Synchronisms N°3 by Mario Davidovsky, Web and Calder's 
Shadow, both by the author. The thesis concludes with an appraisal of this 
method and an examination of how it holds up against the criticisms 
presented in the first part of the thesis.
Part One
THE CRITIQUE
Music means nothing as a thing. 1
Traditional, score-centred analysis has never been particularly 
successful when analysing music written for performers and electronics. This 
lack of success has resulted in a situation, reflected in the relevant 
contemporary analytical literature, where the analysis of such works is often 
not attempted and consequently, the musical significance of many of them, 
not recognised. What does this say about the genre or indeed about analytical 
method in general? Why are traditional analytical methods so unsuccessful? 
What is it about the genre that seemingly defies analysis? These questions 
will be explored throughout this part of the thesis. A good place to begin, 
however, is the last question.
Fig. 1 is an excerpt from Jean-Claude Risset's work Voilements (1988) 
for saxophone and tape.
Fig. 1 Voilements (1988) by Jean-Claude Risset
1 John Cage, Silpnce: Lectures and Writings (Middletown: Wesleyan University Press, 1961), 
p. 64.
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This particular excerpt overlaps the end of the first formal section of 
the work and the beginning of the second. The first section is characterised by 
melodic imitation, particularly of the motif circled, where the tape part is 
timbrally indistinguishable from the live saxophone. The beginning of the 
second section marks a change in the nature of the work. Melodic and timbrai 
imitation become less significant and the timbres played by the tape diverge 
from those produced by the saxophonist. The divergence and ultimate 
synthesis between the timbres of the two instruments give the work much of 
its momentum and formal shape. And naturally, the ability to make formal 
divisions such as these is difficult from the score alone as they tend to be 
manifested and experienced through the performance of the work.
The importance that Voilements, and many other works for performers 
and electronics, places on timbre reflects a renewed awareness of its musical 
potential that has characterised and shaped much of the music of the 
twentieth century. Historically, this may be traced back to the breaking down 
of traditional tonal harmonic development. Without the momentum that 
these structures had been able to provide, many composers found in timbre a 
means of compensating for this absence. In works such as Debussy's Prélude à 
'L'après-midi d'un faune' (1892-4), timbre became an aspect of music that 
could help to provide shape and contrast to musical forms. In Schoenberg's 
"Farben," the third piece from his Five Orchestral Pieces (1909), subtle shifts of 
tonal colour delineate formal contrasts and give a sense of shimmering 
movement to the work, even though harmonically, it is quite static as can be 
seen in the excerpt reproduced in Fig. 2.
Fig. 2 "Farben" from Schoenberg’s Five Orchestral Pieces (1909)
After the first world war, timbrai language was further expanded, albeit 
more blatantly, with the influence of the Italian futurist aesthetic becoming 
more significant. The incorporation of the everyday into musical contexts in 
ensembles such as Luigi Russolo's "intonarumori" (noise intoners), or in 
instrumentations such as that for George Anthiel's Ballet mécanique (1926), 
or indeed for much of the music of Varèse, showed that timbre not only was 
capable of providing formal musical momentum, but was also a powerful
means of representation, for timbre became that which distinguished the 
soundscape of the everyday. On a more profound level, timbre helped music 
break away from a self-referential aesthetic to an unprecedented degree. 2
Not surprisingly, however, it was the development of electronic music 
and the ability to record and manipulate sound, that was to forever change 
the timbral language of music. The representative and transformational 
power of the new medium paved the way for a musical language that was 
able to provide sounds never heard before and it is difficult today to 
appreciate the significance and impact of this. A work such as Stockhausen's 
Gesang der ]iinglinge (1955-6), which incorporated natural and electronically 
generated material, was at once reassuringly familiar yet disturbingly new 
with its strikingly unique timbral language.
Over the last twenty years, with the arrival of the computer and more 
powerful means of signal processing, innovations in timbral structure have 
been more extensive. Works such as Phone (1977) by John Chowning,
Mortuos jjlango, vivos voco (1980) by Jonathan Harvey, or even Voilements 
use techniques of timbral transformation that form significant structural 
elements of the works. In Mortuos plango, vivos voco for example, the form 
of the work grows out of the two primary sounds of a boy's voice and a bell, 
which are subtly manipulated, synthesised and combined.
Given these historical precedents, one would naturally expect a 
corresponding development and refinement of analytical inquiry into timbre. 
However, this has not been the case. Generally, it is either considered 
incidental, viewed as a means of elaborating harmonic form, 3 or ignored 
altogether. Susan Bradshaw's analysis of Boulez's ...explosante-fixe... (1972-4)
2 This, of course, is an argument worthy of a thesis in its own right. For now, I will 
acknowledge it, but will not explore it.
3 See, for example; Janet Levy, "Texture as a sign in Classic and early Romantic music," 
innmal of the American Musicological Society. 35 (1982).
typifies the latter tendency. The instrumentation of this work includes a 
computer that transforms the timbre of the instrumental ensemble. While 
Bradshaw's analysis examines typical formal elements of structure such as 
pitch derivation, harmonic and rhythmic structure, her analysis is curiously 
negligent in its examination of the work's timbral structure which is quite 
important.
As Bradshaw points out, ...explosante-fixe... represents a "network of 
audible derivations". 4 5While she expands on how the work's harmonic, 
melodic and rhythmic structure all contribute to this underlying ideal, the 
relationship of the transformed sounds to the work is not elaborated, even 
though those aspects of the music with a dry and unprocessed timbre 
function differently within the work than those timbres that are much more 
rich and reverberent.
Each of the seven instrumental parts that contribute to the free-flowing 
texture of ...explosante-fixe... is a virtuoso solo, played independently, and 
linked to the other six only through the relative placing in time of each of its 
'transitional' variants (a placing determined by the director of each performance 
in relation to his control of the computerized timbral expressivo). 5
Arguably then, the relationship between timbre and the formal structure of 
the work is more significant than either its melodic or harmonic 
development, which may even be considered as derivatives.
As another example it is difficult to imagine an analysis of a work such 
as Webern's Concerto (1934) that does not consider its timbral and textural 
character. Yet the great majority of analyses focus their attention on the pitch
4 Susan Bradshaw, "The instrumental and vocal music," in Pierre Boulez A Symposium, ed. 
William d o ck  (London: Eulenburg Books, 1986), p. 209.
5 Bradshaw, p. 211.
structure of the work and the development and manipulation of the work's 
row, giving only cursory acknowledgement to its unique timbral and textural 
structure. 6
Fig. 3 Anton Webern's Concerto (1934)
6 See, for example; Arnold Whittall, "Webern and multiple meaning," Music Analysis, 6, No. 
3 (1987), pp. 333-353; Christopher Wintle, "Analysis and performance: Webern's Concerto Op. 
24/ii," Music Analysis. 1, No. 1 (1982), pp. 73-99; and to a lesser extent, George Perle, Serial 
Composition and Atonalitv (Berkeley: University of California Press, 1972).
The difficulties involved in the analysis of timbral structures and 
timbral development, while partly a result of linguistic and conceptual 
limitations, largely stem from an inability to justify, and indeed agree on 
what, in fact, constitutes timbral development and whether there is, in the 
field of timbre, anything corresponding to harmonic momentum. 7 
Harmonic momentum is, particularly in tonal music, accompanied by a 
fairly well accepted understanding of what is stable and what is unstable. 
Analytical methods based on principles of implication, such as those of 
Meyer, simply could not exist if this were not the case. 8 Cook calls such 
forms of analysis "psychological" in that they are fundamentally concerned 
with what the experience of music tells us about its formal structure. 9 
Principles of implication are difficult to justify, however, in timbral 
development. This is not to say, though, that timbral structures defy 
analysis. 10 In the second part of this thesis, I will argue that timbral 
structures often deepen the value of a number of works for performers and 
electronics, simply through their ability to establish associations with what 
is humanly produced.
Concerns such as these regarding analytical clarity and what can and 
cannot be assumed in a musical grammar are a particularly strong theoretical 
concern of what Cook defines as "formal analysis. Formal analytical 
methods, which include Set-theoretical, 11 and Semiotic analyses, 12 in
7 Although simply being able to quantify timbre would not constitute timbral analysis just as
being able to identify individual chords would not constitute harmonic analysis.
8 Leonard Meyer, Emotion and Meaning in Music (Chicago: Chicago University Press, 1956).
9 Nicholas Cook, A Ci.ide to Musical Analysis (Oxford: Oxford University Press, 1995).
10 Robert Cogan, New Images of Musical Sound (Harvard University Press, 1984).
11 Allen Forte, The Structure of Atonal Music (New Haven: Yale University Press, 1973).
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contrast to psychological analytical methods, are not concerned with how 
music is experienced, considering such a premise vague and subjective. 
Rather, they see music as structure as it is defined by the score. Unlike 
psychological analytical methods, they are generally able to reveal more about 
music of this century, particularly atonal and serial music.13 This is not to 
say, however, that they are infallible. Their intrinsic relationship to scientific 
method and rationalism in general means that they have inherited a number 
of profound weaknesses which are perhaps, ultimately, of greater significance 
than those of non-formal methods of analysis. To effectively understand 
these weaknesses, one needs to be familiar with the epistemology of formal 
analysis, which in turn means that one must have some understanding of 
the work of Descartes. 14
Descartes' concept of clear and distinct ideas has arguably had more 
impact on rational epistemology than any other. 15 Writing of them, Leibniz, 
another exponent of rationalism, wrote,
...we sometimes know clearly without being in any doubt at all whether 
a poem or picture is well or badly made because there is an I don’t know what
^  Jean-Jacques Nattiez, Music and Discourse: Towards a Semiology of Music, trans. Carolyn 
Abbate (Princeton, N. J.: Princeton University Press, 1990).
*3 Cook, A Guide.
14 The association of formal analysis with rationalism and, by implication, non-formal 
methods with empiricism, while crude, is nevertheless useful in helping to understand the 
weaknesses of both methods.
Rene Descartes, Discourse on Method and the Meditations, trans. F.E. Sutcliffe (Middlesex: 
Penguin, 1968).
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that satisfies or shocks us. But only when I can explain the marks available to 
me is my knowledge called distinct. ^
Perhaps the most important thing implicit in Leibniz's explanation of 
clear and distinct ideas is the acknowledgement of craft. As implied by the 
above statement, Leibniz subtly divided the perception of an object onto two 
levels, awareness of its aesthetic value and an awareness of its craftsmanship. 
And this is almost a tacit acknowledgement that the aesthetic value of the 
object cannot be known clearly and distinctly but that one can know the value 
of the craftsmanship, that is, it may be explained clearly and objectively with 
little room for disagreement.
Despite coming some three hundred years later, the concerns of 
Descartes and Leibniz are not too far removed from those of the Logical 
Positivists, a European philosophical movement from the 1920s. For the 
Logical Positivists, any proposition that could not be verified was without 
genuine meaning. 16 7 This was made clear by Wittgenstein when he wrote,
What can be said at all can be said clearly; and whereof one cannot 
speak thereof one must be silent.
Descartes' concept of clear and distinct ideas has thus had a strength 
which has resonated not only throughout contemporary philosophy but also 
through concepts of thought guided by rationalist priniciples such as formal 
analytical method where only those aspects of music that may be cogently
16 Gottfried Wilhelm Leibniz, Discourse on Metaphysics and Related Writings, eds. and 
trans. R.N.D. Marint and Stuart Brown (Manchester: Manchester University Press, 1988), p.
68 .
17 Peter Lauchlan Heath, "Logical Positivism," in The Concise Encyclopedia of Western 
Philosophy and Philosophers, eds. J.O. Urmson and Jonathan Rèe (London: Unwin Brothers, 
1991), pp. 182-187.
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explained and verified are considered. And naturally, as a starting point, the 
only "propositions" which can be considered verifiable are those which are 
expressed in the score. The score, as has been noted, becomes that which 
provides, the data for the analysis.
What does this say about musical structures that exist only as sound 
such as Varèse's Poème électronique? How can one formally analyse a work 
that does not have a score or whose score is only suggestive as in a significant 
number of the works of composers such as Cage, Stockhausen, Feldman, 
Brown or Cardew? If the lack of analyses of such works is any indication, it is 
difficult indeed. Even a work such as my own Web (1992) for keyboard and 
computer, which has a score, is difficult to analyse formally because of a 
chance element in the computer part that affects, on a number of levels, what 
is heard.
Fig. 4 David Boyle’s Web (1992)
In Web, which will be analysed in detail later, the interpretation of the 
performer affects the response of the computer and the degree of this 
response cannot be expressed prior to performance even though the score 
and the processes that determine the notes played by the computer remain
constant.
15
Works such as these ultimately reveal the internal inconsistency of 
formal analysis - to use the score as the object of analysis ignores the fact that 
it is merely a prescriptive document that allows a performance to take place. 
No matter how well determined it is, it is implicitly ambiguous and written 
with a great deal of assumption on the part of the composer. 18 A certain 
economy of means is assumed and generally the score only represents that 
which is of significance to the performance. Clearly this means that what is 
not notated, but may well be assumed by the composer, will not be analysed as 
it cannot be verified.
...a score means a reduction of information which involves a knowledge 
of the materials employed, their laws of organization and their 
comprehensibility. This enables the composer to select those elements of 
musical thought which need to be notated in most detail, those which need 
only to be sketched, and finally those which are left to the discretion of the 
interpreter. In tonal music, for example, the most important space has always 
been occupied by pitch, followed by rhythm. Little freedom has been left to the 
interpreter here (except for what may be regarded as ornamental or 
superficial). Next have come dynamics and change of tempo, which have been 
determined in a much more summary, schematic and less precise way. i9
In a work such as Davidovsky's Synchronisms N° 3 (1966), for example, 
only those sections which are of immediate significance to the performer are
18 There are exceptions of course such as much of the music of Femeyhough. But even here, 
there is often an overriding concern with the nature of interpretation.
19 Marco Stroppa, "The analysis of electronic music," Contemporary Music Review, 1, No. 1 
(1984), pp. 175-180.
notated. This includes general timbrai descriptions or, more commonly, 
temporal cues, as shown in Fig. 5.
Fig. 5 Mario Davidovsky's Synchronisms N°3 (1966)
The freedom given to the performer is thus directly affected by how 
predetermined the score is. A score that is merely suggestive such as 
Stockhausen's Aus den Sieben Tagen (1968) gives the performer a latitude to 
explore musical possibilities that they simply do not possess in a work such as 
Ferneyhough's Time and Motion Studies (1971-77). And this latitude not only 
changes our experience of the work, but directly challenges our ability to 
understand that work on an analytical level. Questions such as, what is it that 
unifies radically different interpretations of the "same" work must be 
addressed before analysis can even begin. Indeed, the concept of the work 
itself must often be reassessed. Although tasks such as these are not easy to 
satisfy, I will argue later in this thesis, that the ontology of performance has a 
significant impact on any concept of the work and an examination of it can 
assist in the successful analysis of many works particularly those for 
performers and electronics.
The significance of interpretation has become prominent, on a more 
general level, in the work of contemporary theorists such as Derrida and
17
Eco.20 Ultimately, for analysis, their work reinforces the idea that the 
ambiguity inherent in a musical work undermines any ability to understand 
that work at the level that formal analysis would claim possible. This 
proposition has resulted in defensive responses such as those made by Boretz, a 
prominent exponent of formal analytical theory, who has claimed that music 
exists independently of its realisation and is analogous to mathematical ideas 
or the synthetic a priori concepts of Kant. 21 In the end, however, this is no 
more than an attempt to uphold a theoretical idealism that both in reality and 
practice, cannot be maintained. Even in a set theoretical analysis, for 
example, the initial identification of pitch class sets is guided by musical 
sensibility more so than pure scientific objectivity. Writing of this, Cook has 
stated,
Apart from final details of interpretation, everything in the analysis 
depends on this segmentation because it is here that all the musical decisions 
are made. 22
Irrespective of these, not insignificant, criticisms, the ultimate yardstick 
of any analysis, whether formal or psychological, is the insight it provides 
into a musical work. If the analysis is hopelessly subjective, such that 
unverifiable propositions and therefore questionable conclusions are made,
20 The reader is referred to the following texts; Umberto Eco, I limiti dell' interpretazione 
(Roma: Bompiani, 1990); Umberto Eco, Interpretation and Over-interpretation, ed. Stefan 
Collini (Cambridge: Cambridge University Press, 1992); Jacques Derrida, Dissemination, 
trans. Barbara Johnson (London: Athlone, 1981).
21 Benjamin Boretz, "Sketch of a Musical System (Meta-Variations, Part II)," Perspectives ni 
N p w  Music. Spring/Summer (1970), pp. 49-111.
22 Cook, p. 146.
or impossibly objective to the extent that the interpretation of the performer 
is ignored, this will surely come out in the analysis. There is, I believe, a 
middle ground between these two poles, informed by common sense and 
guided by utilitarian value more so than the defence of idealistic goals. The 
remainder of this thesis will attempt to explore this ground through the 
analysis of a number of works from an often neglected medium, but a 
medium richly endowed with musical possibilities.
In summary, we have seen that many of the principles of analysis 
make it difficult to successfully analyse music for performers and electronics. 
These weaknesses, which are reflected in particular methodologies, are often 
highlighted through what is not analysed. And while it must be 
acknowledged that some of these methods undoubtedly provide important 
insights (into harmonic structure in the case of Schenkerian analysis, or 
atonal music in the case of set theory) it is unfortunate that they are often 
unable to do the same for music for performers and electronics. In the 
following chapter, I will argue that such insight may be gained through 
examination of the nature of performance.
Part Two
METHODOLOGY
I The Ontology of Virtual Performance
More than ever,
things we can live with are falling away, for that 
which is oustingly taking their place is an imageless act. 1
While music for performers and electronics can often be very difficult 
to analyse satisfactorily, valuable insights into the structure of music for the 
medium may often be gained through examining the nature of performance 
itself. While this is, of course, true of all music, it is particularly so in this 
medium for it is manifested on so many levels, from the history of the genre 
to more intrinsically musical aspects of it.
The history of music written for performers and electronics may be 
recognised as an attempt to address issues central to performance. It is 
generally acknowledged that one of the main reasons why electronic music 
was often supplemented with human performers was a realisation that, by 
itself, electronic music lacked the ability to produce the refinement and 
subtlety of sound that a live performer was capable of. 1 2 Maderna's Musica su 
due dimension I (1952), for flute and tape, is generally credited as the earliest 
work for the medium although Varèse used both orchestra and tape, albeit 
separately, in his Déserts (1949-54). Early music for tape and live
1 Rainer Maria Rilke, Selected Poems, trans. J. B. Leishman (Great Britain: C. Nicholls, 1967), 
p. 64.
2 Paul Griffiths, A Guide to Electronic Music (London: Thames and Hudson, 1979), p. 164.
instrumentalists suffered, however, from a similar problem. The inability of 
the tape to respond to the live performance considerably limited the 
interpretation of the performer.
To achieve a dynamism more characteristic of live performance, 
composers have often had to abandon the predetermined nature of tape and 
develop a means whereby the virtual performer can respond more musically 
to the live performer. 3 They have approached this problem primarily in two 
ways. Firstly, through an ability to recognise physical movement, in extended 
performance systems such as Waisvisz's The Hands, 4 or Max Matthews' 
Radio Baton and Conductor Program, 5 and secondly, and much more 
commonly, through "listening" and responding to the performance via an 
interface such as MIDI (Musical Instrument Digital Interface).
While attempts such as these to address performance issues have 
clearly shaped and characterised the development of the genre, what is 
perhaps of more significance is that they have forced composers to think 
about the nature of performance itself. Questions such as, what constitutes 
performance? is a recording a performance? what does the listener identify 
with at a performance? have all had to be faced. One of the most interesting 
and perhaps most important of these questions relates to the embodiment of 
the performer in music.
3 As will be argued, electronic music is not, strictly speaking, performed. However, for the sake 
of convenience the term virtual performance will be adopted. This term equally applies to the 
presentation of music produced by a tape recorder to music produced by a computer at a live 
concert.
4 Michel Waisvisz, "The Hands, a Set of Remote MIDI-controllers," in Proceedings of the 1985 
International Computer Music Conference. (San Francisco: Computer Music Association, 1985), 
pp. 313-318.
5 Richard Boulanger, "Conducting the MIDI Orchestra, Part 1: Interviews with Max Matthews, 
Barry Vercoe, and Roger Dannenberg," Computer Music loumal. 14, No. 2 (1990), pp. 34-46.
22
Through contrasting the ontological basis of human artistic 
performance with the detached form of musical presentation that electronic 
music offers, I will argue that the presence of body is a fundamental 
characteristic of traditionally accepted concepts of performance. And because 
of this, when the two types of presentation are combined, the virtual 
performance is often perceived as an extension of the human presence. And 
it is specifically this extension of presence that has been explicitly developed 
in the work of many composers who have written for this medium.
What is it that constitutes a performance? In the traditional definition, 
a performance is an activity performers' engage in when they interpret a 
work for an audience to behold. 6 It follows, therefore, that through their 
being, the performer becomes embodied in the work, contrary to the view of 
formal analytical theory which considers the work to be independent of its 
realisation. 7
In electronic music, however, the relationship between performer, 
indeed the very concept of performance itself, and sound is radically different 
as is demonstrated through Thom's concept of the "work for playing".
Works for playing are works that "do not require performers to execute 
and interpret." 8 Music composed directly to tape or musique concrète are 
good examples of works for playing where the tape recorder is not 
interpreting the work but merely reproduces it for an audience that becomes a 
passive recipient. The tape recorder, in itself, is not participating in the 
traditional ritual of performance but is instead, offering a music that is
6 Paul Thom, For an Audience - A Philosophy of the Performing Arts (Philadelphia: Temple 
University Press, 1993).
7 Benjamin Boretz, "Sketch of a Musical System (Meta-Variations, Part II)," Perspectives QÌ 
N p w  Music. Spring/Summer (1970), pp. 49-111.
8 Thom, p. 56.
detached from the listener. This has necessarily changed the social value 
attached to the music it offers as has been noted by thinkers such as Theodor 
Adorno and Walter Benjamin.
For Benjamin, the virtual performance changed art's social context by 
robbing it of its ritual value. In music, these ritual values develop through 
the interaction between the listener, or audience, and the performers. 9 In his 
seminal essay "The Work of Art in the Age of Mechanical Reproduction", 
Benjamin argued that this change in social context occurs because ritual 
values are intrinsically related to the "aura", or uniqueness, of the work of 
which, through their presence, the performer is a part. 10 By comparing the 
audience's perception of the stage actor and the screen actor, which are 
perceived through identification with the actor and the camera respectively, 
Benjamin asserted that the "aura" of the actor can only be perceived through 
an intimate awareness of the actor's being. And clearly one can only identify 
with this presence through participation in the ritual of the performance, not 
through merely observing a representation of it.
Given the disembodied nature of electronic music, it is not hard to see 
why an audience can feel detached from it when it so often takes place within 
the traditional context of performance.
We hear music on tape without being able to associate the sounds with 
any instrument, and even in live electronic music the aural results may well 
seem to be out of all proportion to the activity observed : when a violinist 
reaches into the upper register, or when a pianist strives for maximum volume, 
the strain is evident in the way he comports himself (and we may even feel 
that strain in a recording), but the technique of electronic instruments involves
9 Robert Bocock, Ritual in Industrial Society (London: Allen and Unwin, 1974).
10 Walter Benjamin, "The Work of Art in the Age of Mechanical Reproduction," in 
Illuminations (New York: Schocken, 1969), p. 229.
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no such relationship between sound and gesture. Sound seems to blossom 
independently of any sounding body or human action, and again our reaction 
may be one of wonder, or disquiet. H
The reasons for this disquiet not only typify a general, and perhaps 
valid, uneasiness felt towards the concept of a machine participating in 
performance but result from the fact that notions such as empathy, strain, 
effort, comportment or even failure stem from the physical, participatory 
basis of traditional performance. With characteristic pessimism, Baudrillard 
has written that what,
...will always differentiate the functioning of men and even the most 
intelligent machines is the ecstacy (sic) of functioning itself - pleasure.
Fortunately, to invent machines that would recognise pleasure is as yet beyond 
man's capabilities. All types of prosthesis may contribute to his pleasure, but 
he cannot invent machines that would accept pleasure by proxy. ^2 
The ability to participate in the ritual of performance then involves a 
concept of attachment, where what the listener hears conforms "to a pattern, 
regulated and accepted by common consent".1 23 This necessarily involves 
identification with the pattern, music, and the person realising the pattern, 
the performer. The audience, through its active presence thus becomes part of 
the ritual, part of the performance, and part of the music. Active listening can 
therefore affect the relationship between the performer and listener. 
Obversely, Adorno has written of the relationship between regressive 
listening and non-participation in the ritual where he argues that a fetishism
11 Paul Griffiths, A Guide to Electronic Music (London: Thames and Hudson, 1979), p. 28.
12 Jean Baudrillard, Xerox to Infinity (London: Touchepas, 1988), pp. 3-4.
13 Francis Edwards, Ritual and Drama : the Mediaeval Theatre (Guildford: Lutterworth,
1976), p. 10.
with the commodity is detrimental to critical listening. 14 *16This is most notable 
in the change in social function music has undergone since the high-fidelity 
recording was introduced. Music has become a commodity. Of this, Adorno 
has written that the,
...change in function of music involves the basic conditions of the 
relation between art and society. The more inexorably the principle of exchange 
value destroys use values for human beings, the more deeply does exchange 
value disguise itself as the object of enjoymentT^
Virtual performance has therefore not only changed the social value of 
art but has also changed the nature of our perception of it. It is explained well 
by Stephen Hill, although again rather pessimistically, in his book The 
Tragedy of Technology where he recounts the Myth of Narcissus who,
...could not find true happiness in relating to what was no more than an 
echo of reality - an echo of the culture "code" that sends out the signals of a 
reality that the frame stands in front of and m ediates.^
14 Theodor Adorno, "On the Fetish Character in Music and the Regression of Listening," in The 
Culture Industry : Selected Essays in Mass Culture, ed. J.M.Bernstein (London: Routledge, 1991), 
pp. 26-52.
Adorno, p. 34.
16 Stephen Hill, The Tragedy of Technology (London: Pluto, 1988), p. 210.
This ability to transform and shape cultural values was recognised by 
thinkers such as Heidegger and McLuhan as perhaps the most fundamental 
issue presented by technology in general. 17
Is such a mediation, however, accompanied by a change in the aesthetic 
value of the work in itself? Does it automatically devalue the experience as 
the above analogy suggests, or does it, perhaps, increase its aesthetic value?
Let us briefly try to consider these questions by posing another. Would 
Narcissus be happy if what he saw was not a pale reflection of reality but an 
aesthetic experience valuable in itself? If what the virtual performance 
presents does not purport to be "truth" or anything other than that which it 
is, if its value and existence is authentic, 18 then the aesthetic value ascribed to 
it is of no less importance even though its presentation is, of course, different. 
Let us now examine this presentation within the medium with which we are 
concerned, namely performers and electronics.
In a work such as Trans (1971) by Stockhausen, the performer is shown 
to have a metaphysical presence as well as a causal one. Writing of the work 
the composer has stated,
... in Trans each visible movement is made in connection with the 
sound.... all that you hear and see, is integrated into the entire process. In this 
respect Trans is a very essential piece. And then, it is also a phenomenon
17 The reader is referred to the following texts; Martin Heidegger, The Question Concerning 
Technology and Other Essays, trans. William Lovitt (New York: Harper and Row, 1977); 
Marshall McLuhan, The Gutenberg Galaxy: The Making of Typographic Man (Toronto: 
University of Toronto Press, 1962); Marshall McLuhan, Understanding Media: The Extensions Q.f 
Man (New York: McGraw-Hill, 1964).
18 Monroe Beardsley, Aesthetics from Classical Greece to the Present (Tuscaloosa: The 
University of Alabama Press, 1991), p. 374.
because it throws open the basic question - through its performance practice - 
why is the presence of a musician important in the moment when the music is 
being played? You see: there is a large orchestra of winds and percussion 
divided into four groups. And the four groups are amplified over four 
loudspeakers; the loudspeakers hang above the orchestra. But one never sees 
this orchestra during the performance.
... It is therefore a metaphysical work insofar as the entire time, one 
feels : the essential is "behind" but one cannot see it! And thus, the entire time, 
one is confronted with the question: does the sound that one hears - the 
orchestra sound - come through loudspeakers only played by a tape recorder, or 
what is it actually?
... Because one must believe, so to speak, that the musicians who are 
behind are important, or one must really feel their presence. One could 
certainly also make a performance of Trans once perhaps, in which absolutely 
no musicians would be behind the strings and the music would only be a tape ... 
and what then? Do the people notice it? That is the decisive question.-^
For Stockhausen the physical presence of the performer changes the 
listener's perception of the work. And of course this change can only be 
perceived through actively participating in the traditional ritual of 
performance. Clearly, when listening to a recording of Trans, it is impossible 
to distinguish between the visible performers and the hidden performers. 
The ritual value of the work necessarily changes because, as in all recordings, 
the performance is "frozen". In the live performance of the work, however, 
the deliberate association of movement with process naturally draws 
attention to the music of the hidden performers. What Trans questions, 
therefore, is whether one simply assumes the "hidden music" is humanly 
produced or is able to feel it through the being of the hidden performers. 19
19 Karlheinz Stockhausen, liner notes, Trans. Deutsche Grammophon, 2530726,1976.
The essentially metaphysical associations that take place within Trans 
stem from the ontological significance of the performer within a traditional 
performance context. Many composers have extended this significance 
further, offseting or compensating for the disembodied nature of virtual 
performance, through a variety of associative techniques from performance 
enhancements such as the hyperinstrument system, 20 through to simple 
concepts such as amplification or timbrai imitation.
Perhaps the most simple and commonly used associative technique is 
that of amplification. Such a simple, apparently superficial technique, extends 
the spatial presence of the performer and this is often a significant aspect of 
many works, as it is in Boulez's Répons (1981-).
Répons, a work-in-progress, is for twenty-four musicians and six 
soloists. The soloists (cimbalom, xylophone and glockenspiel, vibraphone, 
harp, Yamaha DX7 synthesizer and piano, and piano) not only have their 
sound and presence extended through amplification, the entire ensemble is 
in fact encircled by six loudspeakers, but also have their sound transformed 
rhythmically and harmonically by a computer.21 A simple chord performed 
by a soloist generates a series of derivative harmonies that move from 
speaker to speaker at a rate proportional to their loudness. Clearly, in Répons, 
concepts of extension and association are taken to new levels through the 
expansion of many musical concepts such as harmony and rhythm.
Even the simple association of timbre is able to draw reference to the 
human performer. In a work such as Voilements, for example, the timbrai
20 Tod Machover and Joseph Chung, "Hyperinstruments: Musically Intelligent and 
Interactive Performance and Creativity Systems," in Proceedings of the 1989 International 
Computer Music Conference. (San Francisco: Computer Music Association, 1989), pp. 186-190.
21 This responsive nature is only one reference to the meaning of the title. The interaction 
between performers, harmonic and rhythmic techniques, and non-musical considerations related 
to the work all allude to the title.
relationship between the two instruments sustains this association. As was 
noted previously, the timbres of the two instruments is such that the 
distinction between them often cannot be made aurally. For the present 
listener, the nature of the sounds of the virtual performance extend outwards 
from the sounds performed by the saxophonist. Even when the sounds on 
the tape move away from the purely imitative, thus expanding the gestural 
language of the work, there is always some sort of relationship maintained 
with the human performer's presence. At the end of the work, for example, 
vocal and chant-like textures played by the tape are complemented by the 
breath of the performer.
Despite the unprecedented timbral variety available to the modern 
composer of electronic music then, it is not surprising that many restrict 
themselves to timbres that are similar to or complement the human 
performer. Yet it is worth noting that this association may also be affected by 
more commercial reasons within the popular music industry. While timbre 
provides an obvious explicit point of association with the human performer, 
other musical attributes can also help establish a relationship with the virtual 
performance. In Davidovsky's Synchronisms N° 3 , for cello and tape, which 
will be analysed in detail later, ,long bowed tones performed by the cellist are 
associated with stillness and short rhythmic figures with a sense of motion, or 
physicality. When these musical gestures occur on the tape they evoke an 
activity that has been initially associated with the human presence and 
therefore, in a sense, tend to compensate for their own disembodiment.
Having briefly examined these ontological relationships, what 
conclusion can be made that will be of assistance in the analysis of such 
works? The most important thing, and this is really implied by psychological 
analytical theory, is that the work is simply a process that is elaborated 
through a performance. Not only does the unique nature of performance
manifest itself through the work, but the work itself is simply an unfolding 
process. 22
The remainder of this chapter is concerned with developing a means of 
representing musical structures in terms of such processes. Such a 
representation will not only help clarify certain analytical points but will be 
particularly valuable when a work has no score or the score is only 
suggestive. As will be demonstrated in the following analyses, a 
representation of musical structure that is based on these processes enables 
works that have no score to be analysed more rigorously and greater depths of 
meaning to be read from works that do not have a score. The representation 
is thus an analytical tool, in an analogous relationship to the Schenkerian 
graph.
II Procedural Formalisms and Musical Analysis
Procedural formalisms were originally developed in the computer 
sciences to represent and analyse processes. Many of these formalisms have 
been used to represent musical processes and often the features of a number 
of them are synthesised such that their representative power is increased. In 
this thesis, three formalisms are used, semantic networks, the temporal logic 
of James F. Allen and Petri Nets. These formalisms will represent the 
semantic relationship of and between performance processes, their temporal 
relationship, and the individual processes themselves, respectively. Not 
surprisingly, their use in music has been somewhat eclectic. However, 
previous analytical applications of these formalisms will be briefly reviewed 
and their ability to model a variety of musical processes will also be 
demonstrated. This section of the thesis is concluded with a short analysis,
22 This of course agrees with Schenkerian analysis. However, the path towards these 
conclusions is different. While Schenkerian analysis sees the process as an elaboration of 
harmonic levels, we have to take a step back and see it as an elaboration of a performance.
illustrating the representational technique, of Monophonic Variations, a 
work co-written by Greg Schiemer and Graeme Leak.
Ill Semantic networks
Semantic Networks were developed by Ross Quillian in the 1960s to 
represent the meanings of words. 23 Since then they have been adopted by 
music theorists and analysts to model listening processes,24 and also as 
compositional tools. 25 *Part of their appeal no doubt, is due to the growing 
interest in the syntactic and semantic relationship between music and 
language, reflected in the work of people such as Nattiez, even though there 
has been some criticism cast on attempts to understand music as a language. 
26 However, as Leman points out, "...to the extent that music corresponds 
with natural language, there will be similarities between their respective 
representation formalisms. " 27 What then are the principles of semantic 
networks?
23 M. Ross Quillian, "Semantic Memory," in Semantic information Processing, ed. M. Minsky 
(Cambridge: M.I.T. Press, 1968), pp. 27-70.
24 Marc Leman, "Dynamical-Hierarchical Networks as Perceptual Memory Representations of 
Music," Interface. 14, No. 3-4 (1985), pp. 125-164.
23 Antonio Camurri, M. Giacomini, A. Ponassi, and Renato Zaccaria, Key-Music: an expert 
system environment for music composition," in Proceedings of the 1988 International Computer 
Music Conference. (San Francisco: Computer Music Association, 1988), pp. 119-126.
26 Many of these criticisms are, in fact, directly attacking any attempt to uphold a 
relationship between linguistic meaning and musical meaning. As far as representing structure is 
concerned, they are less valid. To draw a simple analogy, I do not need to understand the 
meaning of a painting to understand its structure although my experience of the work, and what 
1 believe is significant in it, will no doubt affect my understanding of its structure.
22 Leman, p. 128. -
A semantic network consists of nodes and links. Nodes represent 
particular things, be they objects, events, factual assertions, classes or most 
commonly concepts. Concepts are in turn defined by properties. Nodes are 
connected by links which assert associative relationships. Graphically, nodes 
are represented by circles and links with arrows as illustrated in Fig. 6. 28
28 Ronald J. Brachmann, "What's in a Concept: Structural Foundations for Semantic 





Semantic networks sometimes incorporate inheritance properties into 
the representation. Such networks are often called semantic inheritance 
networks or Si-Nets. Fig. 7 and Fig. 8 illustrate such networks.
Fig. 7
In Fig. 7, that which is meant by the word "running" inherits the 
properties of that which is meant by the class of words verb . Similarly that 
which is meant by the word "quickly" inherits the properties of that which is 
meant by the class of words "adjective".
34
Fig. 8
Fig. 8 represents the inheritance properties of botanical species. The 
class of objects which are defined by the properties of the class 
metachlamydeae inherit the properties of the class dicotyledoneae which in 
turn inherit the properties of the class angiospermae which, again, inherit the 
properties of the class spermatophyta.
Nodes, are therefore defined not only by their individual properties but 
also by their relationship to other nodes. It is also worth noting that nodes 
further up in the hierarchy are more general in nature than those further 
down.
One of the problems that arises when using semantic networks for 
musical representation is that nodes are fundamentally atemporal; that is, 
they provide no means of asserting, in themselves, temporal properties or 
relationships. As a partial solution to this problem, the representative power 
of the node is extended such that it may include processes or activities. The 
basic semantic properties of nodes are kept, as are their inheritance properties.
Extending the expressive power of the node such that it includes 
processes, while beneficial, is still not enough for musical representation. For 
example it is all very well to represent the formal structure of a sonata as,
35
Fig. 9
where the concepts, exposition, development and recapitulation inherit the 
properties of the concept sonata, but without being able to assert that the 
exposition precedes the recapitulation the representation is severely limited 
to merely showing inheritance properties. It is unable to represent the 
temporal relationship between concepts.
To represent such relationships it is necessary to employ some form of 
temporal reasoning.
IV Temporal reasoning
Temporal reasoning is a way of reasoning about time. 29 In a 
representative formalism such as the one being developed here, it provides a 
means with which one can describe the temporal relationship between the 
occurrences of processes or events. While many types of temporal logic exist,
29 James F. Allen, "Towards a General Theory of Action and Time," Artificial Intelligence, 23 
(1984), pp. 123-154.
30 all of which have their inherent strengths and weaknesses, the temporal 
logic of James F. Allen has been chosen. 30 1 I have made this choice for a 
number of reasons. Firstly, it has a simple conceptual basis and secondly, it is 
particularly expressive when describing the temporal state of processes and 
their relation to each other.
Allen's method of temporal reasoning describes the relationship 
between occurrences which are defined as either processes or events. The 
basic unit of measurement of his temporal logic is the interval, unlike time 
point based logics such as those proposed by McDermott. 32 Contrasting the 
two forms of temporal logic in his paper "Maintaining Knowledge about 
Temporal Intervals" 33 34Allen refers to the following example that will help to 
clarify many of the above terms.
Fig. 10
We found the letter at twelve noon.
We found the letter yesterday. 3^
In the first sentence the event "finding the letter" occurs at a particular 
point in time while in the second sentence the event occurred sometime
30 A temporal logic is a specific, comprehensive methodology for reasoning about time.
31 James F. Allen, "Towards a General Theory," and James F. Allen, "Maintaining Knowledge 
about Temporal Intervals," Communications ACM, 6 (1983), pp. 832-843.
32 Drew McDermott, "A Temporal Logic for Reasoning About Processes and Plans," CognitlY£
Science, 6 (1982), pp. 101-155.
33 Allen, "Maintaining Knowledge."
34 Allen, "Maintaining Knowledge," p. 834.
during an interval. 35 To be more precise, the process of finding the letter, a 
process common to both sentences, was terminated by a time point in the first 
sentence, and during a time interval in the second sentence. However, 
because the time interval is the basic primitive in Allen's reasoning, the time 
point is defined as the smallest time interval that can be measured.
Time intervals are marked by two endpoints. Referring back to Fig. 10, 
the time interval "yesterday" is marked by the point where "the day before 
yesterday" becomes "yesterday" and the point where "yesterday" becomes 
"today".
The processes that occur between the two endpoints of a time interval 
hold true throughout the duration of that interval. For example to perform a 
musical phrase is to engage in an activity that takes place over a particular 
interval and every sub-stretch of that interval. Or, referring again to Fig. 10, 
the process of looking for the letter continues over an interval until it is 
found.
In considering the relationship between time intervals and by 
implication the occurrences that take place during them, Allen defines 
thirteen possible relationships which are illustrated in the table presented in 
Fig. 11.
35 Allen does point out however that an event may be readily decomposed. For example the 
event marked by finding the letter may consist of looking at the letter and indeed recognising 
that it was the letter that one was looking for.
Fig. 11 The Thirteen Temporal Interval Relationships Described by Allen
Relation Symbol Symbol for inverse Pictorial Example
A before B < > AAA BBB
A equal B = = AAA
BBB
A meets B m mi AAABBB
A overlaps B 0 oi AAA
BBB
A during B d di AAA
BBBBBB
A starts B s si AAA
BBBBBB
A finishes B f fi AAA
BBBBB
Returning to the simple model of the sonata presented earlier, these 
relationships can be used to describe the temporal interaction between the 
numerous subprocesses that define the sonata as a whole. The relationship 
between the performance of the exposition, the development and the 
recapitulation is clearly a linear one and is most suitably described by the 
"meeting” relationship. 36 The temporal relationship of these three 
subprocesses to their super-process, sonata, may be described with three of 
Allen's terms, starts, during, and finishes. The beginning of the sonata 
coincides with the beginning of the exposition, the development occurs
36 Of course, in practice, these divisions might not be so clear. For the purposes of the 
illustration, though, such a simplicity will suffice.
during the sonata, and the end of the sonata coincides with the end of the 
recapitulation. These temporal relationships can be represented graphically, 
as shown in Fig. 12.
Fig. 12
In order to make graphic distinctions between inheritance links and 
temporal relationships, Camurri has introduced the tense map but in doing 
so unnecessarily complicates the representation by requiring the addition of 
beginpoints and endpoints. 37 Through using Allen's temporal reasoning, the 
two endpoints of processes are implied by the processes' temporal 
relationship with other processes.
Having examined the semantic and temporal states of processes and 
their relationship to each other, the Petri Net formalism may be used to 
explicate their function.
37 Antonio Camurri, "On the Role of Artificial Intelligence in Music Research,” Interface, 19, 
No. 2-3 (1990), pp. 219-248.
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V Petri nets
The Petri Net formalism, developed by C.A. Petri, was originally 
intended to model information systems and was adopted by the artificial 
intelligence community as a means of representing knowledge in a system. In 
music the Petri Net formalism, along with other formalisms, came into 
favour because it provided a means of modelling musical structures, or more 
generally processes, without having to specify the details of the musical 
information itself. As has been pointed out by Peterson,
Petri nets are a tool for the study of systems. Petri net theory allows a system to 
be modeled by a Petri net, a mathematical representation of the system.
Analysis of the Petri net can then, hopefully, reveal important information 
about the structure and dynamic behavior of the modeled system. 38
While it is beyond the scope of this thesis to describe the Petri Net formalism 
in great detail (its mathematical foundation will not be examined) the basic 
concepts of the theory will be presented. 39
The Petri Net formalism consists of two fundamental elements, .
conditionals and events. In the terminology of the formalism, these are 
referred to as places and transitions respectively. The Petri Net graph, the 
visual representation of the formalism, represents places with a circle and 
transitions with either a bar or a box. Transitions and places are connected
38 James L. Peterson, Petri Net Theory and the Modeling of Systems (New York: Prentice-Hall, 
1981), p. 1.
39 For a more comprehensive introduction to the Petri Net formalism, the reader is referred to 
the sources listed within section seven of the bibliography and, in particular, to the following; 
James L. Peterson, Petri net theory and the modeling of systems (New York: Prentice-Hall,
1981).
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with arrows whose direction indicates the flow of information within the 
particular structure.
For a transition to occur, all of its conditions or places must be true. 
When a condition is met, the place is said to be marked and it is graphically 
represented by what is termed a token or a number of tokens drawn within 












Fig. 13(a) represents the initial state of the system. Transition tl cannot 
be activated until pi contains a token, as in Fig. 13(b). In Fig. 13(b), all of the 
conditions for the first transition have been met and are represented by 
tokens. When the transition is activated, it is said to have "fired", all of the 
tokens contained in inputs are removed and a token is placed in the output of 
tl output, i.e. p3, Fig. 13(c). This consequently enables the transition t2 to fire 
because its sole condition (p3) has been met, and the system assumes its final 
state, Fig. 13(d). It will remain in this state until both places pi and p2 contain 
at least one token.
When particular meanings are attributed to events and conditions, the 
Petri Net graph can model the mechanism of a musical process or structure. 
As an example of this, I will show how the formalism can be used to model
an instrumental technique from the work Towards the Center (1988) by Tod 
Machover.
Towards the Center is for Amplified Flute, Clarinet, Violin, Cello, 
Hyperpercussion and Hyperkeyboard. These last two instruments are part of 
the hyperinstrument system, developed by the composer and Joseph Chung 
at M.I.T.. The Hyperinstrument system extends the capability of traditional 
instruments in a number of ways and one of these ways is known as the 
double instrument technique. 40 Briefly, this is a technique where the 
Hyperkeyboard and the Hyperpercussion affect each others sound, and where 
as Machover comments, "The relationship of control vs. independence of 
the two electronic soloists is mediated by the machine". 41
In one instance of the work, this technique may be illustrated with a 
Petri Net graph in the following manner,
Fig. 14
velocity Scale HyperPercussion Timbre
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40 Tod Machover and Joseph Chung, "Hyperinstruments: Musically Intelligent and Interactive 
Performance and Creativity Systems," in Proceedings of the 1989 International Computer Music 
Conference. (San Francisco: Computer Music Association, 1989), pp. 186-190.
4 1 Machover and Chung, p. 190.
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As shown in Fig. 14, the notes played by the keyboardist affect those 
notes played by the percussionist. Not only are the keyboard notes sounded 
on the Hyper-percussion, that is, they have the same timbre as the notes of the 
Hyperpercussion, but the amount of aftertouch used can affect the very 
pitches the percussionist has available. 42 In addition, the timbre of each 
instrument varies, for the percussionist, according to the velocity with which 
the note is played, and for the keyboardist, according to the pitch played in the 
right hand.
A more traditional example of the application of the Petri Net 
formalism occurs in Antoni and Haus' paper "Music and Causality", 43 
where the melodic structure of J.S. Bach's "Canon Perpetuus" from the 
Musical Offering for flute, violin and continuo is represented. Modeling the 
three parts individually, Antoni and Haus first identify the formal structure 
of each part as consisting of a sequence of musical objects. The object, which is 
later represented by the place of the Petri Net, refers to a series of pitches and 
their associated durations. This preliminary abstraction is then represented 
with three Petri Nets, corresponding to the three individual parts, as shown 
in Fig. 15(a).
Antoni and Haus' analysis becomes interesting when they apply a 
series of "morphisms" to derive one Petri Net representing all three Petri 
Nets at a higher level of abstraction. These morphisms, which Antoni and 
Haus refer to as concurrent processes enable the structure of the three 
individual Petri Nets to be amalgamated, into one general Petri Net, as 
shown in Fig. 15(b).
42 Aftertouch is simply the change in finger pressure on a note after it has been struck.
43 Giovanni Degli Antoni and Goffredo Haus, "Music and Causality," In Proceedings of the 
1Q87 International Computer Music Conference. (San Francisco: Computer Music Association, 
1982), pp. 279-296.
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Fig. 15 Petri Net representation of J.S. Bach's "Canon Perpetuus" from the Musical 
Offering
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It is worth reiterating that all of these formalisms and techniques of 
representation merely serve to clarify certain aspects of musical structure so 
that they can be analysed more rigorously. Before the bulk of the analyses are 
presented, I will briefly show how I will apply these formalisms through a 
short analysis of Monophonic Variations, a piece co-written by Greg Schiemer 
and Graeme Leak.
VI M onophonic Variations (1989): S ch iem er and Leak
Monophonic Variations is a work for percussionist and computer. Both 
perform samples of acoustic instruments through a sampler, the 
percussionist with a set of MIDI percussion controllers. As argued previously, 
such an ontology means that the virtual performer may be considered as an 
extension of the human performance.
Using a semantic network, one can crudely represent this as follows,
Fig. 16
d or f
The extension concept becomes more valid in that the musical 
structures of Monophonic Variations are entirely generated through the 
interaction between the performer and computer. Of this, Schiemer has 
written,
.....a solo performer and a computer play interactively improvising on a limited 
set of rhythmic ostinati. The computer generates a repetitive, monophonic 
sequence of notes, produced with varying degrees of repetition and at different 
speeds. The performer can either interact with this process to influence the way 
that the computer generates the notes, or improvise a counterpoint to the 
computer-generated note line. 44 45
Because of the improvisatory nature of the work, what the performer plays 
from moment to moment can clearly be affected by what the computer is 
playing. However, because of a series of predetermined decisions made by the 
composers, the performer has more influence on the general formal structure 
and melodic contour of the work.
These formalised aspects of the work include the timbres that the 
percussionist and computer can perform, four tempos selectable by the 
percussionist and the generative algorithm of the melodic ostinati. This 
algorithm will be examined in more detail because it is the point where the 
percussionist and the computer have the most musical interaction.
The melodic algorithm of Monophonic Variations works through two 
principles, rotation and feedback. 4  ̂Rotation is a procedure where a binary 
number is shifted one bit to the right, through division by two. Fig. 17 
illustrates this process.
44 Greg Schiemer, "Monophonic Variations - Spontaneous vs. pre-meditated composition," Nfiist 
Music Australia. 6 (1989), p. 31.






Schiemer expands on this simple procedure by introducing a feedback process. 
In this process, the computer generates notes based on an "awareness” of 
previously performed notes. The process works by performing a sequence of 
Boolean logic operations on an eight bit number to derive a new value for the 
most significant bit of the following eight bit number after it has been rotated. 
The bits upon which the logical operations are performed are determined by 
the percussionist through choosing from four possible feedback values, 105 
(bits six, five, three and two), 144 (bits seven and four), 160 (bits seven and 
five) and 80 (bits six and four). These four values determine the length of the 
ostinati produced by the computer, sixty-three notes, fifteen notes, seven 
notes or six and three notes respectively.
By placing an initial value, termed the shift register or SR, into the 
algorithm through performing a note on MIDI channel one, the percussionist 
is able to change the melodic contour of the computer's ostinati. If the SR 
value is one ordinarily produced by the feedback process then the ostinati 
begin the pattern again from that note. If the SR value is one not ordinarily 
produced by the feedback process, then the melodic contour of the ostinati 
evolves until the SR value is assimilated into the ostinati until the ostinati 
resume their former stability.
The percussionist is thus able to affect the computer generated ostinati 
in three ways. Firstly, through determining their general length and melodic 
shape, secondly, through restarting them at a particular point, and thirdly, by
Fig. 17
making them assimilate new pitches. If one incorporates these abilities into the 
structure of the work presented in Fig. 16, a more comprehensive model of 
the work can be obtained.
Fig. 18
In the semantic network of Fig. 18, the human performance, a process, 
can consist of three subprocesses, the performance of ostinati, the 
performance of a note or a program change that affects the ostinati of the 
computer. Naturally, as noted earlier, the computer generated ostinati will 
affect the ostinati performed by the percussionist but there is no need to make 
this relationship explicit.
Given this general semantic structure, one can examine individual 
concepts in more detail, at a lower level of abstraction, through the use of the 
Petri Net formalism. The suitability of the Petri Net graph in representing 
these processes is particularly notable due to the similarity of the causal-time 
aesthetic of the Petri Net formalism and the "servo-time" concept of
Monophonic Variations. Both formalisms represent time as an attribute of an 
interactive dynamic system.
The "note" concept of the above semantic network can be represented 
as,
Fig. 19 Key-on assimilation
SeqCounter=SR
(SR of FB) ? 
(stability)
If the note the percussionist plays is one of those notes ordinarily 
produced by the current feedback value then the ostinato pattern is started at 
that particular note. Otherwise, the amount of noise or entropy introduced 
into the system by the note is gradually reduced over the time interval 
determined by the "stability" place, until the note belongs to the sequence 
ordinarily produced by the current feedback value. The key-assimilation 
process of the virtual percussionist thus strives towards stability.
Referring back to Fig. 18, the percussionist can also affect the ostinati of 
the computer through performing a program change. In Monophonic 
Variations, program change information consists of either a new tempo or a 
new feedback value. The program change concept may be expressed using a 
Petri Net graph in a similar manner to the previous example.













In summary, the use of semantic networks incorporating an interval- 
based temporal logic, and the Petri Net formalism enables particular 
structural aspects of a work to be clarified for analysis. In the remainder of this 
thesis, this representation is used to assist in the analysis of Air (David 




I Air (1989-92): David Worrall
Originally entitled Madhyakasha,* a Sanskrit word for the space 
between the in-breath and the out-breath, Air is a recent work for flute and 
computer. The computer is controlled by an independent operator and uses 
the software Streamer, designed by the composer. Streamer's design aesthetic 
is based on a conception of music existing as a series of parallel streams 
consisting of properties such as pitch, velocity or loudness, and timbre. These 
properties are represented by numbers, either in vectors, or in look-up tables.
Air is in three movements. 1 2 The first and third movements are for 
flute and computer, and the second movement is a flute solo. The solo is 
fully notated while the two outer movements exist only as a very basic list of 
actions for the computer operator. The flute part for these movements is not 
notated and is, instead, improvised such that it complements the textures 
. generated by the computer. The difficulties this presents for analysis are 
substantial, but they in no way hinder the ability to understand the work at a 
more formal level. What can hinder this ability is the tendency to make 
analytical judgements from the score alone without considering how the 
work is experiencd. Doing this can easily result in misleading assumptions
1 Personal communication with the composer.
2 Since this analysis was written, Worrall has released another version of Air with only two 
movements. This analysis will not examine this version of the work, nor will it attempt to 
compare the two. Rather, the arguments that will be presented, most of which, incidentally, 
remain valid for the more recent version of the work, will be based on the earlier version.
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and ultimately false arguments. For example, the computer part of the outer 
two movements appears very similar in the score and this would naturally 
lead to the assumption that the work has a simple A B A  form. However, this 
is not the case. Listening to the performance, one cannot help but be struck by 
the fact that the third movement is more similar to the second movement 
than it is to the first. The opening of the third movement, for example, 
develops the falling pedal motif existant throughout the second movement, 
see Fig. 21(a), and as this movement develops, its texture becomes more and 
more dense with these falling notes. Rhythmically also, the third movement 
incorporates properties of both the first and second movements. Static 
drones, initially presented in the first movement are complemented by the 
rhythmically and timbrally dry passages reminiscent of the second 
movement, see Fig. 21(b).
Fig. 21
(a) Falling pedal from 2nd movement,
freelv
J f p
(b) Rhythmic passages from 2nd movement




Perhaps the most striking thing that comes across from listening to the 
performance of the work however, is its expanding and contracting nature 
and this is, I believe, fundamental to its success. It takes place on many levels 
throughout Air, from the contraction and expansion from flute to computer 
in movement to movement, in the pitch development, in the rhythmic 
development, in the timbral and textural development and also in the 
ontology of the performance itself. To elaborate on this latter aspect, in the 
work, the visual impact of technology has been deliberately softened. The 
composer has written,
The electronic equipment: loudspeakers, cables, microphones, computers 
etc should not be visible to the audience. What is intended is an amplification 
of awareness rather than a dialogue between the flute and electronics. 3
Given such an ontology and the arguments presented in the second chapter 
of this thesis, the listener is immediately drawn to the physical presence of 
the performer and tends to associate the sounds they hear with this presence. 
In many ways, the composer has made this ontological association easier to 
maintain through amplifying the flute, thus expanding it spatially and 
through using timbres, within the virtual performance, that consist entirely 
of flute samples. In performance, then, Air becomes a peripheral interplay 
where the ghosts of the performer are given ontological significance through 
the presence of the live musician.
These expanding and contracting relationships not only take place on 
many levels, but are often interconnected and related to each other. This is 
perhaps most noticeable in the relationship between pitch and rhythm. 3
3 David Worrall, unpublished program note, 1992.
The rhythmic patterns played by the computer in the outer two 
movements are determined by two types of vectors, delay and duration. The 
delay vector determines the delay between notes and the duration vector 
determines the duration of those notes. In the beginning of the work, the 
delay vector is ((12 0 24 12)) and the duration vector is ((12 24 24 12)). This 
corresponds to the simple rhythmic pattern written in Fig. 22.
Fig. 22 Rhythmic texture produced from del((12 0 24 12)) and dur((12 24 24 12))
J oo J J <5o J etc.
The zero in the delay vector corresponds to two notes played together 
and this tends to give the note a certain rhythmic stress. As these vectors 
become longer, the rhythmic identity of the work changes. The resultant 
rhythmic patterns become more complex and the stress implied by the 
simultaneity becomes secondary to the dense textures which are heard, an 
example of which is shown in Fig. 23.
Fig. 23 Rhythmic texture created by the longer vectors
Textures such as these, which have been achieved through relatively 
simple means, are not experienced simply as a tapestry of stress and relief, or
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implicative patterns, such as those analysed by Meyer. 4 5 And further, because 
of their length, they are not experienced as cyclical. Stockhausen proved a 
similar thing in his Kontakte where he showed that distinctions between 
longer rhythmic primitives are more difficult to make than between shorter 
rhythmic primitives. In Air, the effect of these rhythmic textures is much 
more subtle and perhaps rather unexpected, for they create an amorphous, 
atemporal sense of rhythmic progression. Cook notes a similar phenomena 
in the rhythmic construction of Stockhausen's Stimmung,
...each section is experienced as a single prolonged ’now' and so there is no sense 
of temporal transition between each section and the next And when one rhythmic 
pattern persists underneath a new one, this creates an effect of temporal overlap; two 
different nows' are superimposed on each other, (italics mine) 5
These two rhythmic identities of the work, directed textures and 
amorphous textures, are further delineated through the work’s timbral 
development which is also projected through textural development. For 
example, when newer timbres are introduced, they do not entirely displace 
existent timbres but gradually grow out from them through the creation of 
denser textures, in an analogous way to how the rhythmically complex 
textures of the work were achieved.
4 Leonard B. Meyer, Emotion and Meaning in Music. (Chicago: University of Chicago Press, 
1956).
5 Cook, p. 367.





Further, when the textures created by the rhythmic vectors become 
"stable" halfway through the first movement, it is timbre that, if not changes, 
then certainly gives a different rhythmic colour to the work. Percussive, 
detached and drier timbres give a fresh sense of rhythmic momentum to 
textures that had previously been dominated by long, drone-like tones. These 
newer timbral textures also establish a formal relationship to the simple 
fluttertongue, which is frequently used throughout the second movement of 
the work where the rhythmic development reaches a catalyst.
In the second movement of Air, the flute solo, the two rhythmic 
identities of the work are alternated. Long, amorphous notes tend to be
preceded by a rhythmically directed, dense ornamentation, refer to Fig. 21(b). 
As the movement progresses, much of its momentum comes from the way. 
these rhythmic primitives are developed. What slowly occurs is a loss of 
identity, the ornamentation becomes the drone and the drone becomes the 
ornamentation. At the climax of this movement, the fluttertongue, which is 
in itself a contraction of a rhythmically dense pattern, is used on almost every 
note of the drone/ornament. Rhythmically, the following occurs,
Fig. 25
Referring back to Fig. 23, what is also striking about these rhythmic 
vectors, is the simple (1 2 3) ratio inherent in them. This rhythmic ratio, in 
fact, formally relates the work's rhythmic properties with it's pitch properties 
as will become evident.
Like the rhythmic construction of the work, the pitch construction is 
based on a series of vectors although these are called pitch vectors. In Air, 
there are four pitch vectors used. Three of these vectors incorporate some 
aspect of the work's primary vector, which, in the performance score, the 
composer has labelled mkO.
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Fig. 26 Four pitch vectors
As shown in Fig. 26, vector mkl is a contraction of the first six notes of 
mkO and the last note of mkO. Vector mk2 contains the last six notes of mkO 
and vector kee is a contraction of the first three notes of mkO.
The changing distribution of the notes in the kee series of vectors 
creates an effect analogous to the amorphous sense of rhythm created by the 
rhythmic vectors and it is well worth noting that the kee vectors occur during 
these very passages.
Fig. 27 Distribution of notes in the Kee vectors
kee.AA.2 ((69 69 64 69 67 67 64 69 67 64 69 64 67 69))
kee.AA3 ((69 67 64 69 64 69 67 67  64  69 64 67 64 67 64 69 64 67 69))
where,
69 67 64
These four pitch vectors, then, form a hierarchy from the simplicity of 
the kee vector through to the relative complexity of vector mkO. This 
relationship is expounded in the Fig. 28.
Fig. 28 Semantic hierarchy of pitch vectors
The notes that comprise these four vectors are not as important as is 
their intervallic construction. Upon examination, there is a recurring pattern 
of intervals - minor third, minor second, major second and minor second, or, 
for the sake of simplicity ¿(3 1 2 1). This intervallic pattern reflects the (1 2 3) 
ratio of the rhythmic vectors and formally relates the two.
The simple intervallic pattern of the pitch vectors may be used to 





(b) Score excerpt showing the use of the descending intervallic scales
An interesting aspect of these scales is the intervallic symmetry of a 
number of the pitches around C-sharp.
Fig. 30 Scales written as intervals
CI point of symmetry
These notes, B and D, A-flat and G-flat, and A and E, tend to be 
important tones in the work. They are not necessarily pitch centres, but are 
nevertheless quite stable and are often the starting point for phrases which
fall away from them. Their stability is, however, partly attributable to the 
simple fact that they occur more often than those other notes in the 
intervallic scales.
Another interesting aspect of these scales is that the most prominent of 
these notes, B, D and C-sharp, collapse into themselves to reveal the (1 2 3) 
pattern again. B to D is three semitones. B to C-sharp is two semitones, and C- 
sharp to D is one semitone. The B C-sharp D pattern, then, is a collapsed and 
contracted version of i(3 1 2 1).
The second movement of the work may be divided into a series of 
segments all of which are distinguished by different pitch vectors and 
intervallic scales. This gives the following structure.
Fig. 31 Segmentation of Air into vectors
mkO AI mk2 DI AI DI AI Primary
mk2 DI AI AI Primary AI/DI DI
mkO AI DI AI AI AI
AI DI AI mkO Primary
In Fig. 31, AI and DI refer to ascending and descending scales 
constructed using i{3 1 2 1). It is interesting to note not only the 
complementary nature of AI and DI, DI is, in effect, a resolution of AI, but 
also their "balancing" distribution. The contours of the pitch material are 
always complemented by their resolution.
The sections marked primary refer to a series of multiphonics, 
produced by overblowing, that are based around the pedal note of C-sharp, 
which we have already noted was the point of symmetry of the intervallic 
scales. The importance of the C-sharp is, thus, expanded such that it is
effectively is the point of reflection around which the ascending and 
descending scales occur. At one point in the work, this is strikingly apparent,
Fig. 32 Score excerpt showing the symmetry around C-sharp
Given the semantic network of Fig. 28, and our observation about the 
complementary nature of AI and DI, the segmentation may be reduced to the 
following fundamental structure.
Fig. 33 Reduction of Fig. 31
mkO AI/DI Primary
In the outer two movements of the work, the order of events 
performed by the computer operator remain constant and so do, therefore, 
the order of vectors played by the computer. In the performance score, these 
events are labelled AO through to A5, BO through to B8, CO through to C8, and 
DO through to D3. Events A5, B8 and D3 terminate that given stream. Event 
C8 concludes the work. Given that some of these events are semantically 
equivalent in the timbral domain, such as B5 and B6, and that other events 
are higher abstractions of yet other events, such as CO, Cl, C2, and C5 which 
can be regarded as one concept, the work as a whole may be considered as 
follows,
Fig. 34 Semantic network of Air
The above illustration incorporates the timbral structure of the work, 
as well as, by implication, the rhythmic textures established in the particular 
movement. The nodes of the semantic net represent the three movements of 
the work. The places of the Petri Net have been used to symbolise actions 
performed by the computer operator, some of which change the current pitch 
vector being played, for example a change from pitch vector mkl to mkl. 
Pitch vectors are written above the place. Significant timbral changes are 
written inside the places.
Again, referring to the semantic network of Fig. 34, this structure may 
be further reduced to a more fundamental progression through the 
application of Petri Net morphisms. Applying this reduction to the Petri Net 
of Fig. 34, yields an interesting formal phenomena.
Fig. 35 Reduced network representation
What is most striking about Fig. 35 is its contracting and expanding 
nature. An appropriate metaphor would be one of "breathing and this is 
where the original title Madhyakasha proves somewhat illuminating. It is as
if the breath of the performer, the essence of the flute, has permeated through 
to the many structural levels of the work.
The success of Air rests very much on its corporeal aesthetic. This 
aesthetic is reflected through many levels of the work through the concept of 
expansion and contraction, which is in itself intimately analogous to 
breathing: from the expansion of simple rhythmic primitives such as the 
fluttertongue, to the percussive gesture, or from a single sustained note to a 
choir of drones; from amorphous musical textures through to textures with a 
sense of progression; from a simple intervallic pattern, which is in itself a 
reflection of a rhythmic pattern, through to the entire pitch construction of 
the work; and from the body of the performer through to the spatial 
perimeter of the surrounding loudspeakers. Ultimately, all of these things are 
related. As was demonstrated, the rhythmic development of the work 
together with its ontological basis, were projected through the textures of the 
work, which cannot be considered apart from the timbral development of the 
work again with its ontological association, or its pitch development. All of 
these things, all of these layers, have only and can only be revealed through 
an appropriately holistic analysis.
II Calder's Shadow (1993): David Boyle
Calder's Shadow is a recent work of mine for keyboard and computer. 
While in name, the work makes clear reference to the layered nature of 
Calder mobiles, the inspiration behind it also derives from the "wrapped" 
works of Christo, where the exterior shrouds a static, interior object. As will 
be seen in this analysis, this shrouding metaphor exists on a number of 
levels, from the external processing of the sounds through to the 
development of the pitch material.
In the work, the computer is controlled by the keyboard player and the 
sounds that the computer plays are produced from the same instrument. The 
work uses the software MAX, a graphical, performance oriented 
programming language, which was developed at IRCAM and is particularly 
popular amongst composers because of its flexibility and versatility. In 
Calder's Shadow, it enables the computer to monitor the performance and 
respond through various processes predetermined by the composer. The 
degree of this response depends on the interpretation of the performer, and 
this sympathy relieves the work of any mechanistic feel.
Calder's Shadow is structurally a very simple work that relies on the 
textures created by the computer and external effects processor for much of its 
effect, unlike a work such as Air where the ontology of performance has a 
more significant role. In the work, this processing is such that the nature of 
the individual sound itself is never clearly defined, rather we are left with 
outlines of it, or shadows. Indeed, the individual timbres themselves are not
as significant as is what the processing does to them. This processing is thus 
an integral aspect of the work for it gives character and an overall 
momentum to the timbres heard, which are of a metallic nature, just as 
traditional pitch and harmonic structures are able to.
Through the use of external pedals, aftertouch and modulation wheels, 
the performer is able to exert a degree of control over a number of aspects of 
this processing including the reverb decay, the reverb diffusion and the 
spectrum shift of a ring modulator. 1 The reverb diffusion and ring 
modulator tend to be modified during the longer sustained notes, offseting its 
stasis, while the reverb decay is gradually reduced throughout the work 
following the initial exposition of the musical material. The effect of this is 
such that one layer of the work is slowly peeled back so that the generative 
material is heard in its clearest form at the end of the work. Overall then, the 
most important effect of the processing is that it blurs the details. This is 
particularly important in regard to the pitch development of the work.
In the pitch domain, there are two primary motives that recur 
throughout. For the purposes of analysis, these may be termed the "Calder" 
motive and the "Shadow" motive. The "Calder" motive, initially heard at 
the beginning of the work, is shown in Fig. 36.
1 Reverb decay simply determines the length of the reverb. Typically, a longer reverb decay 
creates an illusion of a more spacious ambience. Reverb diffusion "thickens" the sound of the 
reverb by changing the time between the sound's reflections. A ring modulator produces an 
output frequency which contains the sum and difference frequencies of its input waveforms' 
harmonic. The spectrum shift displaces the fundamental and its associated harmonics by a
determined amount.
Fig. 36 The "Calder" motive
At its heart, the "Calder" motive consists of three fundamental notes 
ornamented by a falling phrase in the treble and an ascending phrase in the 
bass. The first cluster of notes is perfectly symmetrical around E-flat, see Fig. 
36(a), and intervallically symmetrical in the second two clusters, see Fig. 36(b) 
and Fig. 36(c). Each of these fundamental notes forms the interval of either a 
major or minor second, an important defining characteristic of this motive. 
Throughout the work, the notes forming the three clusters tend to remain 
consistent, and even when they do not, as in the final cluster in Fig. 37(b), the 
major second relates it intervallically to its primary form.
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Fig. 37 Different forms of the "Calder" motive 
(a) (b)
The voicings of the notes within the "Calder" motive consist of a series 
of alternating open and closed intervals, see Fig. 38. This is particularly 
noticeable in the beginning of the work because given the processing of the 
notes that occurs, it is only the two outer extremes of the cluster that are 
experienced with any emphasis. As noted earlier though, as the processing 
lessens the details emerge and these voicings tend to lose their distinctness.
Fig. 38 Fundamental progression of the "Calder" motive
The "Shadow" motive complements the "Calder" motive. Initially, it 
appears quite similar to the "Calder" motive in as much as it consists of a 
series of ornamented falling notes. However, it lacks both the consistency and 
symmetry of the "Calder" motive and has more of a sense of motion.
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Fig. 39 The "Shadow" motive
Throughout the work, the "Shadow" motive is extended lyrically,
Fig. 40 Extension of the "Shadow" motive
This extension is, in effect, a shadow of the shadow and there is a clear 
aural relationship maintained with it. Nevertheless, there are a number of 
important differences which distinguish it. The ornamentation in the 
"Shadow" motive is always short, never more than two notes, in contrast to 
the ornamentation in the extension, which at one point contains ten notes. 
The shape of the ornaments is also different. In the "Shadow" motive, the 
ornament is mostly closed while in the extension, closely spaced intervals are 
quite rare, probably so that there is little implication of any tonality. The most 
important distinction however, is that later in the work, the extension 
incorporates properties of the "Calder" motive within it.
In addition to the "Calder" and "Shadow" motives, there is another 
recurring pattern that is essentially more ornamental than anything else. It 
consists of a single low note with the timbre of a deep gong. Musically it 
signals a return to the "Calder" motive.
In Calder's Shadow these four musical primitives are distributed in the 
following way,
Fig. 41
(a) Distribution of the four musical primitives
A A B D A A B B A A C C B C A A  CCC B D AA BB AA CCC BBB CCC BBBB CB D 
AA
A "Calder" motive, B "Shadow" motive, C Extension of B, D Gong
(b) Semantic relationship between B and C
Given that "C" is an extension of "B" the structure can be reduced even 
further to the following,
Fig. 42 Reduction of Fig. 41
A B D A B A B A B D A B A B D A
which can again be reduced to the following fundamental progression,
Fig. 43 Reduction of Fig. 42
A B D A
So what does this say about the pitch and motivic development of the work? 
Only that "D" punctuates the end of "B" and that "A" and "B” alternate. But 
this is all slightly deceptive in that, as was noted, the extension of the 
"Shadow" motive incorporates some of the properties of the "Calder" motive 
within it as it develops, and this is not evident in this simple reduction.
In the excerpt beneath, the descending three note pedal of the "Calder" 
motive is sustained throughout the more lyrical phrase of the extended 
"Shadow" theme. The extension of the "Shadow" motive thus semantically 
incorporates within it, the fundamental properties of the "Calder" motive.
Fig. 44 "Calder" motive within the extension of the "Shadow" motive
Given the relationships presented in the semantic network of Fig. 
41(b), the structural characteristics of Calder s Shadow may be elaborated as 
follows, .
Fig. 45 Semantic network of C alder's Shadow
It is important to note that the temporal relationships between the 
concepts of Fig. 45 are very general. They do not attempt to recreate the 
distribution of the concepts as they occur exactly in the work, but rather 
elaborate more general truths.
What Fig. 45 says about Calder's Shadow can be better appreciated after 
an examination of how the computer responds to the performer, for 
essentially, it extends these properties of the work onto another level.
As noted earlier in the analysis, the computer responds to the 
performance through a number of processes that, in MAX, are known as 
patches. Calder's Shadow uses three patches that have been named by the 
composer - record, harmoniser and scanner.
The "Record" patch is perhaps the most musically interesting of the 
three patches. It records the seven intervals between the last eight notes 
performed by the keyboardist. These intervals are then used as offsets to the 
note most recently performed. The delay of this response gradually decreases 
over the time the patch is active. And in addition, this delay is further offset 
by a small random value to create a less mechanical and more musical 
interaction, in a method similar to the "humanise" facility of commercial 
sequencers.
In Calder's Shadow the "Record" patch enables contrapuntal textures to 
be achieved which have a distinct aural relationship to the live performance.
76
Fig. 46 The "Record" patch
The above representation of the "Record" process only shows the 
recording of one interval for the sake of simplicity. In actuality, this module 
occurs eight times in each discrete "Record" patch. This model may be further 
elaborated. For example, when checking whether the changing delay variable 
has been reached, the current clock is compared with a preset look-up table 
which has been stored as follows,
Fig. 47 The "Delay" check
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The "Scanner" process is used in conjunction with the "Record" 
process. It splits the range of the keyboard into three registers and monitors 
activity in each one independently. These three registers are then fed into 
three discrete "Record" patches.
Fig. 48 The "Scanner" patch
This technique allows the response of the computer to be slightly 
different in different registers. For example, the response notes in the low 
register of the keyboard are of a longer duration than those of the upper 
register.
The "Harmoniser" patch, like the "Record" patch is basically an echo. 
Unlike the "Record" patch, however, the "Harmoniser" patch does not offset 
any notes but instead suspends some of the notes performed.
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Fig. 49 Effect of the "Harmoniser" patch
In addition to these three patches, there is a filter function that verifies 
that notes performed by the computer are within a tolerable range. This is 
incorporated within the record representation as shown in Fig. 50.
Fig. 50 The "Filter" patch
As previously noted, Calàer's Shadow consists of essentially two 
contrasting musical motives, the "Calder" motive, primarily a stable 
harmonic motive, and the "Shadow" motive, a more lyrical motive. Both the 
"Record" patch and the "Harmoniser" patch can also be seen to extend this 
duality. Clearly, the "Harmoniser" patch is functionally equivalent to the 
"Calder" motive while the "Record" patch is similar in nature to the 
"Shadow" motive. Towards the end of the work, both of these patches are
active as the musical properties of both motives are combined. Thus, the 
patches also serve to blur the duality of what the listener experiences precisely 
at the same time as the details of the work emerge as the processing becomes 
less intensive.
Incorporating these patches into the previously illustrated semantic 
network extends it as follows,
Fig. 51 Semantic network of C a ld e r 's  S h a d o w  incorporating the M A X  patches
Fig. 51 is really a refined version of Fig. 45. It reveals a number of 
things about how the piece works, and thus how it is experienced. Firstly, the 
"Calder" motive cannot be followed directly by the "Gong", and the "Gong ' 
can only be followed by the "Calder" motive and preceded by either the 
"Shadow" motive or its extension. Above all, this highlights the stability of 
the "Calder" motive, everything returns to it and it in fact concludes the 
work.
Given the semantic relationships elaborated in Fig. 51, the structure of 
the work may be represented simply as,
Fig. 52 Fundamental structure of Calder's Shadow
A B D A A - - 
----------  CD A
where the simultaneity of the "Calder" motive and the extension of the 
"Shadow" motive are a catalyst in the work.
Calder’s Shadow is a work whose success rests on the juxtaposition of 
contrasting musical ideas. Lyrical patterns and harmonic patterns, detailed 
surface features and blurred surface features, stable musical figures and 
musical figures with a sense of momentum. And underneath all of this, 
there is the complementary duality between the freedom of the work, which 
is manifested through its performance, and its very traditional exposition. 
While I think this analysis has shown why this exposition could only exist 
in the form it does, the freedom given to the performer and the dynamism of 
the resultant computer part relieves the work of any obvious dichotomy.
Ill Synchronisms N° 3 (1966): Mario Davidovsky
Synchronisms N° 3, for cello and electronic sounds, is one of a series of 
works by Davidovsky for acoustic instruments and electronics. Writing of the 
series, Davidovsky has noted that it represents an "...attempt to preserve [the] 
typical characteristics of conventional instruments and of the electronic 
medium respectively - yet to achieve integration of both into a coherent 
musical texture." 1 In a similar way to the previous two works analysed, 
Davidovsky has achieved this through establishing a number of points of 
contact between the two mediums. Unlike the other pieces however, the 
integrity of the mediums is maintained to a stricter degree and it is always 
possible to distinguish between them. Rather than direct timbral imitation 
then, Davidovsky has related the two more through a gestural language 
which has, at its heart, the performance of the cellist.
Synchronisms N°3 has a very different ontology than a work such as 
Air. Rather than expanding outwards from the performer, the work is more 
introspective. This is, in part, due to the nature of tape which is of course a 
more restrictive medium. Davidovsky offsets this ontological tension, 
though, through never allowing the tape to be heard by itself, it is always 
weaving in and out of a continual cello line. Further, and almost as a form of 
release, Synchronisms N°3 has a number of solo cello passages interspersed 
within these tutti's, which are notable for both their vigor and freedom.
1 Mario Davidovsky, liner notes, The Australia Contemporary Music Ensemble Vol. 1, CPF
1029, 1979.
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While there are a number of formal tonal relationships, such as 
consistent pitch sets throughout Synchronisms N° 3 , an example of which is 
elaborated in Fig. 53, it is a work that is not experienced in such a way.
Fig.53 Consistent pitch sets in Synchronisms N°3
A rco nor (a la corda)
The importance of pitch in the work lies more in its ability to outline general 
melodic contours rather than on any microscopic domain such as pitch sets, 
intervallic relationships and the like. Synchronisms N°3 is, instead, 
experienced texturally. And naturally these textures are fundamentally 
defined by the instrumentation. The work may thus be initially divided into 
a series of solo and tutti passages as shown in Fig. 54.
Fig. 54 Instrumentation defines texture
Solo 1 - Tutti 1 - Tutti 2 - Tutti 3 - Solo 2 - Tutti 4 - Solo 3 - Tutti 5
(1:05) (:36) (:36) (:33) (:27) (:35) (:23) (:08)
The numbers underneath these sections correspond to their duration as 
heard in the performance given by the Australia Contemporary Music 
Ensemble. 2 The separation of the third solo and fifth tutti section is slightly 
misleading as it is difficult to distinguish the beginning of the tutti, without 
referring to the score, because the tape gradually fades in underneath an f ff f  
pedal note performed by the cellist, see Fig. 55. If this is taken into account, of 
immediate note is the similar duration of all sections bar the first solo. 
Further, the initial three tutti sections, which separate the first two solos, tend 
to offset the initial solo in a very satisfying and natural way. These temporal 
relationships will be discussed further following an examination of some 
other aspects of the work.
2 The Australia Contemporary Music Ensemble Vol. 1, CPF 1029,1979.
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Fig. 55 The fifth tutti section
The beginning of the piece, the first cello solo, is experienced as a series 
of melodic contours that alternate with more rhythmic and timbrally 
dynamic passages. These contours are extended throughout this initial solo 
and eventually culminate in the beginning of the first tutti section. The 
initial phrase which ends in a bowed C, consists of three similarly shaped 
contours,
Fig. 56 First three contours in the first cello solo




Fig. 57 Complementary contour 
\ /
This mirror-like relationship is expanded at a greater structural level as will 
become apparent later in this analysis.
In contrast to these contours are passages that are more colourful 
timbrally. These sections often use a variety of extended performance 
techniques such as knocking the body of the instrument with the hand as 
shown in Fig. 58. Generally, however, their timbral contrast lies in their 
detached, pizzicato texture rather than an almost exclusive use of arco which 
Characterises the contoured sections of the work.
Fig. 58 Timbrai variety in the first cello solo
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Not only do these textures contrast timbrally with the contoured 
passages, they also have less sense of rhythmic drive. A melodic contour, 
after all, exists in both the pitch and time domain. These timbral passages, 
however, tend to rely on colour for their momentum. But there is another
important aspect of these two complementary textures and that is that the 
drive of the contours occurs with a very physical sense of movement on the 
part of the cellist. The timbral passages, however, are much more introverted 
and project a sense of stillness.
These two characteristics of the cello part remain consistent throughout 
the entire work. Extending the textural segmentation of Fig. 54, these 
primitives are distributed as follows.
Fig. 59 Distribution of primitives in the cello part
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So then, in a brief summary, the cello solo is experienced as two 
contrasting ideas. Firstly, melodic contours that have a sense of rhythmic 
drive through physical motion and secondly, timbrally dynamic passages that 
are more still, both musically and physically.
While the notation of the tape part of Synchronisms N°3, is quite 
ambiguous, and effectively redundant for any analytical purpose, it is still 
possible to hear two consistent primitives within it. Both occur in the very 
first ten seconds of the first tutti section. Firstly, there are percussive and very 
dry passages, and secondly there are long sustained notes with quite a bright 
timbre. It is no coincidence that these two aspects of the tape part so closely 
resemble the cello primitives, and Davidovsky himself more than draws 
attention to this. For example, underneath the percussive sections of the first 
tutti, the cellist corresponds with colourful harmonics, pizzicato and sul
ponticello, all within this passage. And similarly, underneath the sustained 
notes of the tape the cellist performs contoured phrases.
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These two tape primitives, though, are often not as sectional as their 
corresponding cello equivalents and, apart from the beginning of the first 
tutti section, tend to merge into each other. Thus the long, sustained notes
can splinter into percussive shards while, similarly, percussive shards can 
coagulate into long tones. In effect, what this means is that Fig. 61(a) is a 





In the tape part, these two primitives are distributed in the following
way,
Fig. 62 Distribution of tape primitives
m m m m m m
Reducing both Fig. 62 and Fig. 59 leaves us with the following formal
structure,
8 9
Fig. 63 Cello and tape reduction
As was previously noted, there are many similarities between the cello 
primitives and the tape primitives. Referring to Fig. 63 reveals a number 
more. Firstly, the percussive sections on the tape always occur during the 
timbrally dynamic sections of the cello. And secondly, the contoured phrases 
in the cello part occur during the long, sustained notes of the tape. This 
consistency is even maintained when the primitives evolve within sections, 
as can be seen in the third and fifth tutti passages.
Fig. 63 is also interesting in that it helps reveal, to a more subtle degree, 
the complementary nature of the work at a broader structural level. Firstly, 
there is the relationship between the first two tutti sections of the work. As 
can be seen, the second tutti section is, for all intents and purposes, the 
complement of the first tutti section. In the tape part the fundamental 
relationship P->L-^P is mirrored by L—>P->L, while in the cello the 
corresponding primitives change.
The relationship between the first and second tutti occurs within a 
symmetrical relationship between the first and second cello solo, which have 
essentially the same fundamental progression.
What is particularly noteworthy is that these nested relationships occur 
again later in the work in an inverse form. Within the third and fifth tutti 
section which are symmetrical around the fourth tutti, there is another
symmetrical relationship between the second and third cello solo. These 
nested relationships are expounded in the following figure,
Fig. 64 Nested relationships from Fig. 63
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So essentially what we are left with is the following fundamental 
structure,
Fig. 65 Semantic network of Synchronisms N°3
9 1
The second cello solo is interesting, then, from a structural point of 
view in that its placement is integral to the symmetrical relationships that 
exist within the work. In addition, its reductive relationship to the initial cello 
solo is also elaborated on a larger scale, as can be seen through an 
examination of the duration of the individual sections of the work.
Other than the fact that the duration enclosed within the first and 
second tutti section and the second and third cello solo are quite close, there is 
no consistent proportional relationship between the duration of these 
segments that further distinguishes their formal structural relationships.
This, in no way, weakens the experience of the work however. All that we 
can note is that, with the exception of the fourth tutti, the duration of each 
segment gets shorter as the work progresses. It is as if Davidovsky has been 
"pruning" the material such that, come the final tutti, only the fundamental 
characteristics of both instruments are heard. And this, in fact, can clearly be 
seen in Fig. 55, which is reproduced beneath.
Fig. 66
Throughout Synchronisms N°3 , then, there is this underlying 
tendency to offset musical concepts and patterns. This has happened on many 
levels of the work. To summarise them, there is the relationship between the 
two primitives of both the tape and cello parts, there is the durational 
relationships between the individual sections of the work, there is the 
complementary nature of the nested relationships within the work and, at 
the heart of it all, there is the ontological offset between the two mediums 
themselves.
Finally, it is worth considering the impact of the tape on the nature of 
the work itself. It is difficult not to notice that the sounds produced by the 
tape, and this is perhaps true of many works from this period, have a 
distinctive quality about them that is in part defined by the sound synthesis 
and technology available at the time. It is interesting, then, to speculate on 
how the technology of the time shaped the work for, after all, Davidovsky 
himself was after the essential characteristic of the instrument and that is 
surely characterised by the historical period within which the work was 
composed. It is somewhat illuminating then, to compare Synchronisms N° 3 
with his later work Synchronisms N° 9 for violin and tape composed in 1988, 
some twenty-two years later. In this work, Davidovsky has been able to 
synthesize sounds that often come very close to the timbre of a violin and are 
characterised by a general warmth. Nevertheless, in Synchronisms N°9 
much of the timbral language of the tape is surprisingly similar to the 
language of Synchronisms N° 3. And this is probably a major aspect of 
Synchronisms N° 3's success. On the one hand it transcends the medium and 
on the other, it is so characteristic of it. In achieving this, Davidovsky has 
considered the instrument, both cello and tape, not simply as a sound or a 
novelty, but in a much more holistic way, as a language.
IV Web (1992): David Boyle
Web is a fairly recent work of mine for keyboard and computer. Like 
both Air and Calder's Shadow, the sounds played by the computer are the 
same timbre as those performed by the keyboardist. In Web, there are two 
sounds layered upon each other. The most dominant of these has the timbre 
of a piano while underneath it is a similar sounding instrument but with a 
more metallic timbre. Unlike all of the works that have been analysed up to 
now, this sound decays quite quickly and cannot be sustained to the same 
degree as a note bowed by a cellist or a note blown by a flautist, for example. 
While this is not particularly interesting in itself, its effect upon the textures 
of the work is quite definitive, for such a sound enables a certain clarity to be 
achieved and this quality, far from being a resultant, is a particularly 
important facet of the work.
In Web, as in Calder's Shadow, the computer runs the software MAX. 
As was noted earlier, MAX is a performance oriented programming language 
that enables the computer to respond to the performer through a number of 
processes that are known as patches. Web uses both the "Record" patch and 
the "Harmoniser" patch from Calder's Shadow, and three other patches that 
have been named the "Symmetry", "Chords" and "Timbre" patches. Before 
these three latter patches are described, let us briefly review the "Harmoniser" 
and "Record" patch.
The "Harmoniser" patch echoes and suspends some of the notes 
performed by the keyboardist. Unlike Calder's Shadow, there are two distinct
"Harmoniser" patches used in Web. These differ in respect to the duration of 
the notes played by the computer. The slower notes of the second process are 
used towards the end of the work where they form a much thicker texture.
The "Record" patch constructs contrapuntal lines based on the 
intervallic structure of the last eight notes performed by the keyboardist. 
There is an interesting correlation between this particular patch and much of 
the melodic construction of Web. Briefly, the melodic lines that are 
performed by the keyboardist are often expanded through intervallic 
augmentation. Common intervals from particular notes are added as offsets 
when those same notes are heard again. This is shown in the figure beneath,
Fig. 67 Relationship between the "Record" patch and melodic lines within Web
Having reexamined these two patches, let us turn our attention to the 
other three patches that are used in the work.
When the "Symmetry" patch is active, the computer "listens" to the 
notes played by the performer and responds by playing a note whose pitch is a 
reflection around a point of symmetry. In Web this point of symmetry is F- 
sharp.
Fig. 68 Symmetry around F-sharp
In this patch the volume of the response note is equal to the volume of 
the note played by the performer, and the delay of the response gradually 
decreases over the time that the "Symmetry" patch is active. This is 
elaborated in Fig. 69, where the notes performed by the keyboardist are stems 
down, and the notes played by the computer are stems up.
Fig. 69 The "Symmetry" patch
^  (  A  Computer 
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Activating the "Chords" patch builds an harmonic structure on the 
pitches played by the performer. In Web there are three interval structures 
that the performer uses. When these structures are added to the notes 
performed, there is the potential for chords to be heard that are clearly beyond 
the physical capability of ten fingers.
Fig.70 The "Chords" patch
[7,0] [11,7] [14,10,5,6]
The "Timbre" patch is used to modify the timbre of the instrument in 
proportion to the delay between successive notes. Towards the end of the 
work, the attack and release of the more metallic piano sound is gradually 
increased by various tremolo figures and grace note patterns, while the sound 
that approximates the piano to a truer extent, blends in underneath.
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Fig. 71 The "Timbre" patch
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While both Web and Calder's Shadow use the same software and even 
share two patches, Web is, on the whole, a much more intricate work than 
Calder's Shadow. And while this is partly due to the comparably more 
delicate timbre of the work, it is also due to the very textures performed 
which, as was noted earlier, are in themselves defined by this timbre.
The textures of Web are initially quite thin. In the introductory solo, 
for example, the performer rarely plays more than two notes simultaneously. 
Over the course of the work, however, the textures become thicker and
naturally the ability to distinguish individual lines becomes more difficult. 
While the music performed by the keyboardist certainly reflects this 
increasing textural diffusion, it is largely the active patches which give the 
work much of its textural character. The distribution of these patches and the 
quality of them, clearly delineate a musical form that becomes more and 
more dense. This can be seen in Fig. 72.
Fig. 72 Distribution of patches in Web
Bars 1-36 Bars 36-77 . Bars 78-88 , Bars 89-117
The relationship of these growing textures to the momentum of the 
work is an interesting one. As the textures become thicker, their momentum 
slows down. To use an analogy, the work is like a slowly thickening sauce 
that becomes so thick it is difficult to stir. Cooking metaphors aside, the 
gradual loss of momentum over the duration of the work does not just 
happen on a macroscopic level but also occurs at a more detailed level of 
abstraction. This can be seen following a formal segmentation of the work 
based on the qualities of these textures.
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Essentially, and very primitively, Web may be divided into four formal 
sections. The first of these is perhaps the most lyrical of the entire work and 
certainly, referring back to Fig. 72, it is the clearest section texturally. The 
second is more harmonic in nature, the third is similar to the first but is 
texturally more dense. The fourth and final section is similar to the second 
but is again more dense, and on this level, this equates to a chordal and 
timbral thickening. These formal divisions are expounded in Fig. 73.
Fig. 73 Division into four segments
The first section of Web grows out of an initial figure heard at the very 
opening, Fig. 74(a). At its heart, it consists of a rhythmically quirky ornament 
leading to a pedal which tends to act as a release of the rhythmic and melodic 
momentum that precedes it. This figure, which occurs throughout this 
section of the work, is also heard during the third and final sections, although 
here, it is related more by contour, even though it is quoted in its literal form 
at several points.
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Fig. 74 Instances of opening motive
As the first section of the work is extended on both a melodic and 
textural level, largely through the use of the "Record" patch, the figure is 
expanded, and the dissipation of momentum that distinguished the initial 
figure once it reached its goal tone, is maintained. The goals of these longer 
lines serve a functionally similar role then, to the short pedal tone of the 
initial motive.
Fig. 75 Melodic line with the "Record" patch active leading to a note of long duration
As the texture of the work becomes thicker and thicker, on one level, 
the initial figure loses its importance within itself and is incorporated within 
these extended lines as in Fig. 75. Later in the work, particularly in the third
section which, as has already been noted, is formally related to this section 
through both texture and patch distribution, the figure becomes merely a 
means of drawing attention to what has gone before, Fig. 76. In this latter 
context, the function of the figure has lost any particularly generative aspect, 
although it clearly establishes a formal relationship on a melodic level with 
the first section of the work.
Fig. 76 Quotation of initial motive at the end of the work
These two lyrical sections of Web are formally separated and concluded 
by two sections that are more harmonic in nature. These sections of the work 
also help to offset the momentum that has built slowly throughout their 
preceding lyrical textures, in a similar way to how the pedal note of the initial 
lyrical motive dissipated the accumulating momentum of the preceding 
ornament.
The harmonic outlines presented in the second section of the work are 
performed while the "Harmoniser" patch is active. They consist of essentially 
symmetrical phrases that are largely constructed from minor and major 
seconds and minor thirds. This general intervallic consistency, gives this 
section an essentially static nature. In a way, these harmonic outlines are 
largely experienced as different aspects of the one form, for their harmonic 
content certainly contains little sense of forward progression.
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Fig. 77 Harmonic outlines within Web
The harmonic outlines of the second section are in themselves 
complemented by the final section of the work, that is also, texturally the 
thickest. The tentative sketchings of harmonic structures presented earlier are 
here replaced by more assertive and fuller chords.
The lyrical and harmonic tendencies of Web are given further strength 
through the quality of the various patches that are used. The "Symmetry" 
patch and the "Record" patch help to delineate the work's lyrical qualities, 
particularly in the first and third sections of the work. The "Harmoniser", 
"Chords" and "Timbre" patches, on the other hand, help to delineate the 
more harmonic aspects of the work, largely in the second and fourth sections. 
On another level, just as the harmonic outlines and initial lyrical sketchings 
are later developed into fuller, more assertive textures, this relationship is 
also paralleled within the patches themselves. The "Harmoniser" patch is to
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the "Chords" and "Timbre" patch what the harmonic outlines are to the full 
chords heard at the end of the work. Similarly, the simple textures generated 
by the "Symmetry" patch become quite complex when the"Record" patch is 
active. In effect, "Harmoniser" is "Chords" and "Timbre" and "Symmetry" is 
"Record" at a more detailed level of abstraction, as shown in Fig. 78. All of 
these patches, are thus intrinsic to the structure of the work, both at a 
microscopic and macroscopic level.
Fig. 78 Semantic relationship between patches
The difficulties a work such as Web presents to the analyst are quite 
subtle. Superficially, it appears quite a simple piece to analyse, but because it is 
experienced on so many different yet fundamentally related levels, the 
tendency towards abstraction, so typical of many analytical methods, is a risky 
proposition. To be analysed successfully, a work such as Web needs a 
correspondingly holistic analysis capable of reflecting these many layers of 
meaning. And this, of course, has been true of all of the works that have been 
analysed in this part of the thesis.
Conclusion
As written earlier, the ultimate yardstick of any musical analysis is the 
insight it provides into a musical work. When the analysis becomes an 
expression of a theory, or a defense of an ideology, the weaknesses of the 
theory will limit the potential of the analysis. Formal methods of analysis 
are often particularly guilty of this as was shown in the first part of this 
thesis. In such analyses, the more subjective aspects of a musical work, such 
as timbral, textural or even ontological structure, are significantly 
undervalued and rarely considered part of the musical work. 1 Indeed, one 
often comes away from such analyses with the impression that the work 
itself is incidental to the method. Of course, psychological analytical 
methods, to which the method presented in this thesis ultimately belongs, 
are not without weaknesses. The most apparent is the difficulty they have in 
justifying implicative principles within a musical grammar, particularly in 
music with no strong sense of harmonic or rhythmic implication. Yet these 
weaknesses tend not to limit the applicability of the analysis to the same 
degree as do those of formal analysis. While this is partly because their 
general theoretical premise is able to be sustained through a greater diversity 
of musical styles and idioms, ultimately, it is because the aims of 
psychological analyses are far more modest and utilitarian.
The weaknesses of both formal and psychological analytical 
approaches, clearly contribute to the sparsity of analyses of music for
* This was because formal methods of analysis based their argument on the 
score alone, failing to acknowledge its prescriptive basis.
performers and electronics. Rather than merely observe the fact, I have 
argued that fresh insights into works for this medium may be gained 
through an examination of the nature of performance itself, which is 
manifested on so many musical levels within this medium. Through such 
an examination I, in turn, implied the theoretical premise underlying the 
application of the method to be presented, that the work is an unfolding 
process elaborated through a performance.
Such a premise, which is almost laughably simple, has nevertheless 
contributed to the success of the analyses presented. Indeed through 
allowing the performance of the work to help guide the analyses, the 
corresponding analyses have become much more dynamic and holistic. And 
when traditional analytical problems such as timbral structure are not 
viewed as things in themselves but are regarded simply as one 
manifestation of a performance, it is possible to gain a greater degree of 
formal understanding of a particular work. The tools used to represent the 
processes of the work have, in turn, helped facilitate this aesthetic. They 
enabled an elegance of application because of their simplicity, flexibility, 
reductive properties, hierarchical nature and procedural foundation.
In each of the four works analysed, different aspects of the 
performance were shown to be manifested in different ways and on a 
variety of different levels throughout each respective work. In Air, for 
example, the analysis showed how the ontology of the performance was 
manifested through the work's pitch distribution, timbral development and 
rhythmic development, while in Synchronisms N°3, the textural 
development of the work reflected a complementary movement-stillness 
aesthetic.
While criticisms can be made of the analytical method presented (I 
certainly make no claims as to it being beyond criticism) I do think it is
beyond doubt that the method, and theoretical premise underlying it, 
provided a unique and interesting insight into the four key works analysed.
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A ttach m en t A: Scores
B O Y L E , Calder's Shadow 
B O Y LE , Web
Calder's Shadow
D avid  Boyle
Performance Note
Aftertouch is used to affect reverb diffusion.
The modulation wheel is used to affect the reverb decay.
Unless otherwise indicated, the articulation of notes and phrases is left 
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